Introduction
============

Opioids, a mainstay of treatment for acute and chronic pain, are the most commonly prescribed class of drugs in the United States, with more than 240 million prescriptions per year.[@b1-jpr-8-289] Opioids exert their desired analgesic effects via mu-receptors in the central nervous system (CNS). Opioid stimulation of mu-receptors found throughout the gastrointestinal (GI) tract, however, may result in the constellation of adverse effects known as opioid-induced bowel dysfunction (OIBD). Enteric opioid stimulation results in decreased propulsive muscular contraction, inhibition of water and electrolyte secretions, and increased rectal sphincter tone with decreased rectal contractility.[@b2-jpr-8-289] OIBD is manifested by a wide range of symptoms such as dry mouth, gastroesophageal reflux, vomiting, bloating, abdominal pain, anorexia, hard stools, constipation, and incomplete evacuation.[@b3-jpr-8-289] Unfortunately, tolerance to GI side effects does not typically develop and several studies have confirmed a high prevalence of OIBD in patients taking opioid pain medication.[@b3-jpr-8-289],[@b4-jpr-8-289]

The most common manifestation of OIBD is opioid-induced constipation (OIC).[@b1-jpr-8-289] Estimations of its prevalence vary widely, but systematic reviews suggest ranges between 60% and 90% of subjects with cancer-related opioid use and between 40% and 60% of patients taking opioids for nonmalignant pain.[@b1-jpr-8-289] OIC is also one of the most debilitating side effects of opioid therapy.[@b1-jpr-8-289] OIC has been shown to impair patients' ability to carry out their activities of daily living.[@b5-jpr-8-289]--[@b7-jpr-8-289] It leads to increased missed work and diminished work productivity, as well as lower levels of overall health, health-related quality of life (QoL), and well-being.[@b4-jpr-8-289]--[@b7-jpr-8-289] Patients taking opioids for more than 6 months who suffered from OIC were more likely to take time off work or feel impaired in their work and domestic performance than those who did not develop OIC.[@b4-jpr-8-289] OIC led to hospitalization in 16% of cancer patients and pain in 75% of patients with subsequent changes in laxative and opioid regimens.[@b6-jpr-8-289] One estimation has it that 30% of patients reduce or stop taking opioids as a result of OIC.[@b8-jpr-8-289]

OIC has been traditionally treated identically to functional constipation with a combination of lifestyle modification and medications. Lifestyle modifications can include increased fiber intake, increased liquid intake, as well as physical activity.[@b4-jpr-8-289],[@b9-jpr-8-289] Paradoxically, fiber intake may worsen OIC as it adds bulk to stool volume.[@b4-jpr-8-289] Because nonpharmacologic measures do not typically adequately control OIC, laxatives, such as stimulants and stool softeners, are the treatments of choice. Stimulants include senna or bisacodyl, which increase smooth muscle contraction. Stool softeners include surfactants such as docusate, lubricants such as mineral oil and osmotics, such as lactulose or polyethylene glycol (PEG).[@b4-jpr-8-289] Softeners may be used in combination with stimulants for prevention or treatment of OIC, but alone may be ineffective.[@b4-jpr-8-289] Although typical practice is to prescribe laxatives concurrently with opioids, studies suggest that 54% of patients on both medications fail to symptomatically improve greater than half the time.[@b4-jpr-8-289] Furthermore, a 2011 Cochrane Collaboration review failed to demonstrate the superiority of one laxative over any other.[@b10-jpr-8-289] Opioid reversal agents, such as naloxone, have been typically used parenterally to achieve rapid, central opioid antagonism to treat life-threatening opioid overdoses. Meissner et al suggested in a 2009 randomized, placebo-controlled trial that a sustained-release, oral preparation of naloxone co-administered with long-acting oxycodone was more effective in the treatment and prevention of OIC than placebo without any reduction in analgesia.[@b11-jpr-8-289]

A newer class of agents, seeking to address the underlying pathophysiology of OIBD and OIC, are called peripherally acting mu-opioid receptor antagonists (PAMORAs). The advantage of medications in this class is their lack of CNS penetration. Thus PAMORAs preserve centrally mediated opioid analgesic effects while reversing or preventing the unwanted peripheral side effect of OIC. This class includes commercially available methylnaltrexone and alvimopan. Methylnaltrexone has been shown to confer benefit over placebo in inducing bowel movements (BMs) in patients taking opioids who have failed traditional constipation treatment.[@b10-jpr-8-289],[@b12-jpr-8-289] Its utility, however, is limited by its subcutaneous administration route and its indication for use in advanced illness.[@b3-jpr-8-289] Additionally, reports of GI perforation related to methylnaltrexone use have concerned some clinicians. A 2010 letter to the editors of *Journal of Pain and Symptom Management* reported seven cases of bowel perforation temporally related to administration of methylnaltrexone. Several of these patients, however, had documented GI abnormalities such as peptic ulcer, volvulus, and underlying colon cancer, making causal relationship to methylnaltrexone difficult to prove.[@b13-jpr-8-289] Alvimopan is only approved in the United States for the treatment of postoperative ileus.[@b3-jpr-8-289] Its use is also limited due to the potential for myocardial infarction and required FDA risk evaluation and mitigation strategy (REMS) program.[@b14-jpr-8-289] Naloxegol, the focus of this review, is a new oral, once-daily PAMORA.

Pharmacology of naloxegol
=========================

Naloxegol is a PEGylated derivative of naloxone that functions as a PAMORA.[@b15-jpr-8-289],[@b16-jpr-8-289] When administered at the recommended dosing, naloxegol antagonizes the mu-receptor in tissues such as the GI tract, thereby decreasing the constipating effects of opioids. In vitro studies have demonstrated low affinity for the delta- or kappa-opioid receptors.[@b1-jpr-8-289] The presence of the PEG moiety in naloxegol reduces its passive permeability as compared with naloxone. Naloxegol is also a substrate for the P-glycoprotein transporter. Due to the reduced permeability and increased efflux of naloxegol across the blood--brain barrier, related to P-glycoprotein transporter, the CNS penetration of naloxegol is negligible and in the GI tract it reduces OIC without reversal of central analgesic effect.[@b15-jpr-8-289],[@b16-jpr-8-289]

Pharmacokinetic summary
=======================

The recommended dose of naloxegol is 25 mg orally once-daily.[@b16-jpr-8-289],[@b17-jpr-8-289] Following oral administration, naloxegol exhibits a first peak in concentration at less than 2 hours. Interestingly, due to enterohepatic recycling, a second peak occurs in most patients 0.4--3 hours after the first peak.[@b16-jpr-8-289] Both maximum plasma concentration (*C*~max~) and area under the plasma concentration curve (AUC) of naloxegol increase with high-fat meals; hence, administration guidelines recommend dosing 1 hour before meals (empty stomach). Grapefruit juice can also increase naloxegol plasma concentration and should be avoided during naloxegol treatment.[@b16-jpr-8-289]

Metabolism of naloxegol primarily occurs at the CYP3A4 enzyme resulting in metabolites whose effects are yet unknown. Naloxegol is contraindicated with concomitant use of strong CYP3A4 inhibitors and inducers.[@b18-jpr-8-289] Dose adjustment of 12.5 mg administered orally is recommended in moderate CYP3A4 inhibitors while no dose adjustment is recommended with weak CYP3A4 inhibitors.[@b16-jpr-8-289]

Naloxegol is primarily excreted in the feces and its half-life extends from 6 to 11 hours.[@b16-jpr-8-289] Patients with mild-to-moderate hepatic impairment (as defined by Child-Pugh scores of A and B) showed slight decreases in AUC compared to those with normal hepatic function.[@b19-jpr-8-289] Naloxegol's product information does not recommend any dose adjustments in mild-to-moderate hepatic impairment. The medication has not been studied in severe hepatic impairment and thus product information does not recommend its use in these patients.[@b16-jpr-8-289]

Patients with moderate-to-severe renal impairment had increased AUCs and those with severe renal impairment had increased C~max~ and decreased clearance.[@b20-jpr-8-289] Renal elimination is a minor route of naloxegol and there was no correlation between renal clearance and total clearance. Naloxegol was not effectively removed during standard 4-hour hemodialysis.[@b20-jpr-8-289] Dosing recommendations for creatinine clearance \<60 mL/min are to start with 12.5 mg daily and, if tolerated and symptoms of OIC persist, to increase to 25 mg daily.[@b20-jpr-8-289]

Efficacy studies
================

The development of naloxegol has included two Phase I, one Phase II, and two Phase III trials to elucidate the pharmacokinetics, clinical efficacy, and safety of this PAMORA. There was an additional Phase III extension trial to assess for long-term safety and effectiveness. Key trials are summarized in [Table 1](#t1-jpr-8-289){ref-type="table"}.

Two, identical, multicenter, double-blind, placebo-controlled, Phase III studies (KODIAC-04 and KODIAC-05) evaluated the 12-week response rate of 12.5 mg, 25 mg, and placebo.[@b2-jpr-8-289] Eligible patients included those with confirmed OIC who did not have uncontrolled pain, cancer in previous 5 years, use of other constipation-promoting medications, evidence of bowel obstruction, or a baseline elevated risk of bowel perforation.[@b2-jpr-8-289] For these studies, the authors defined OIC as \<3 spontaneous BMs (sBMs) in a week accompanied by hard stools, difficult passage of stool, sensation of incomplete evacuation, or anorectal obstruction for 25% of all BMs in the 4 weeks prior to screening.[@b2-jpr-8-289] The authors defined a response as ≥3 sBMs in a week accompanied by an increase in sBMs over baseline by at least one; these needed to occur in 9 out of 12 weeks of the trial as well as in 3 out of 4 of the final weeks of the trial. This primary endpoint was significantly achieved for both doses in the KODIAC-04 trial and for the 25 mg dose in the KODIAC-05 trial.

There were multiple efficacy-related secondary endpoints, including time to sBM following first dose, mean number of sBMs per week as well as mean number of days per week with ≥1 sBM, severity of straining, hardness of stool, and need for rescue laxative use.[@b2-jpr-8-289] All these endpoints demonstrated favorable response at the 25 mg dose, though the results were more mixed in the 12.5 mg dose group. At the 25 mg dose, time to first sBM following medication administration was 5.9 hours in KODIAC-04 and 12 hours in KODIAC-05 as compared to nearly 40 hours in the placebo group.[@b2-jpr-8-289]

Additionally, Chey et al analyzed a subgroup of patients with prior inadequate response to laxatives. They defined this group as those who took a laxative of any class for ≥4 days out of the 2 weeks prior to start of study who still had moderate, severe, or very severe OIBD symptoms on the intake questionnaire.[@b2-jpr-8-289] This population had a significant response rate at both doses of naloxegol in KODIAC-04, with the 25 mg group having a 19.9% improved response over placebo. Again, KODIAC-05 demonstrated response in the 25 mg group, but not in the 12.5 mg group.[@b2-jpr-8-289]

Safety and tolerability
=======================

Adverse events with naloxegol have proven to be overall more common at the 25 mg dose and primarily include GI complaints such as abdominal pain, diarrhea, nausea, and vomiting.[@b2-jpr-8-289],[@b21-jpr-8-289] These unwanted effects were overall mild to moderate in severity and typically occurred soon after the first dose of naloxegol.[@b2-jpr-8-289] At the 25 mg dose in both KODIAC-04 and KODIAC-05, approximately 10% of those participants experiencing adverse events discontinued naloxegol use. Diarrhea was the most common reason to discontinue in KODIAC-04 while abdominal pain lead to the most discontinuation in KODIAC-05, though there is no comment on where in the course of the trial these patients stopped taking naloxegol.[@b2-jpr-8-289] There was no change in overall pain score or mean daily opioid doses. Potential symptoms of drug withdrawal were rare and were felt to be artifacts of the scoring system that were primarily driven by GI symptoms.[@b2-jpr-8-289]

An additional multicenter, open-label, randomized, parallel-group, Phase III study monitored patients on naloxegol over a 52-week period ([Table 1](#t1-jpr-8-289){ref-type="table"}). This study demonstrated, again, an approximately 10% discontinuation rate of the study drug as a result of diarrhea, abdominal pain, and vomiting.[@b21-jpr-8-289]

The majority of participants experienced some naloxegol-related unwanted event, though most were considered mild to moderate in intensity.[@b21-jpr-8-289] They found no naloxegol-related change in pain scores, mean opioid daily dose, or opioid withdrawal scores.[@b21-jpr-8-289]

In both studies, there were no adjudicated major events that were found to be linked to naloxegol nor were there instances of actual or potential bowel perforation.[@b2-jpr-8-289],[@b21-jpr-8-289] However, as mentioned previously, patients with bowel obstruction or gastrointestinal disease that could put them at risk for compromised bowel wall integrity were excluded from the study.[@b2-jpr-8-289]

Finally, an additional, randomized, positive- and placebo-controlled crossover study with 52 healthy men receiving doses as high as 150 mg of naloxegol demonstrated no QT/QTc interval increase \>30 ms.[@b22-jpr-8-289]

Patient-focused perspectives
============================

Clinical trials of naloxegol that address patient-focused outcomes are limited. Webster et al conducted a Phase II, double-blind, randomized, placebo-controlled dose-escalation study of naloxegol that included patient-oriented outcomes assessments.[@b17-jpr-8-289] In addition to assessment for the primary endpoints, patients also completed several subjective questionnaires: the Patient Assessment of Constipation-Symptom (PAC-SYM) questionnaire, which assesses abdominal, rectal, and stool symptoms; the Patient Assessment of Constipation Quality-of-Life (PAC-QoL) questionnaire, which encompasses physical discomfort, worries/concerns, psychosocial discomfort, and satisfaction, and the Short-Form Health Survey (SF-36), which yields an 8-scale profile of functional health and well-being scores.

Webster et al found statistically significant lower mean PAC-SYM scores for rectal symptoms in both the 25 mg and 50 mg groups.[@b17-jpr-8-289] Patients in the 25 mg cohort experienced statistically significantly lower PAC-QoL mean scores for physical discomfort as well as statistically significant improvement in multiple items on the SF-36 survey, including improvement in physical functioning, mental health, social functioning, and vitality.[@b17-jpr-8-289]

It is reassuring that, across the studies, most participant-reported adverse events were described as mild to moderate and transient in nature.[@b2-jpr-8-289],[@b17-jpr-8-289],[@b21-jpr-8-289] There were no statistically significant changes in participant-reported pain, opioid usage, or withdrawal symptoms across any of the dosage groups.[@b2-jpr-8-289],[@b17-jpr-8-289],[@b21-jpr-8-289]

Subjective symptoms of straining with stools and stool hardness were secondary endpoints in the study by Chey et al; both symptoms of OIC improved most at the 25 mg level, but were also found significantly improved over the placebo group in the 12.5 mg group in KODIAC-04.[@b2-jpr-8-289]

Unfortunately, an additional trial (KODIAC-06) of naloxegol in patients with cancer-associated pain succeeded in recruiting only 4% of planned participants and was therefore discontinued early.[@b23-jpr-8-289]

Naloxegol was initially a schedule II controlled substance because it is structurally related to noroxymorphone. Its manufacturers sent a petition to the US Drug Enforcement Administration to deschedule. As of January 23, 2015, naloxegol was descheduled and the prescribing information has been updated.[@b24-jpr-8-289]

Conclusion and place in therapy
===============================

Opioid medications are commonly prescribed for acute and chronic pain and have the unfortunate side effect of OIBD and OIC.[@b1-jpr-8-289] Significant morbidity and negative impact on QoL are associated with OIC.[@b4-jpr-8-289]--[@b7-jpr-8-289] PAMORAs are a drug class that show considerable promise in treating OIC, given the mechanism of preventing the underlying problem of peripheral mu-receptor agonism, which causes constipation as well as other OIBD symptoms.[@b4-jpr-8-289] In contrast, traditional laxative therapies manage the subsequent effects of OIBD and OIC rather than directly focusing on preventing or reversing the underlying problem.

Naloxegol may have a clear advantage over other PAMORAs for several reasons. Its oral route makes it ideal for daily use in the outpatient setting with the goal of preventing OIC. In comparison, methylnaltrexone's subcutaneous route makes it impractical for daily use. Subsequently, methylnaltrexone is often thought of as a rescue medication when a patient taking opioid medication(s) has gone a number of days without a BM. While alvimopan is an oral alternative, it is currently only approved for postoperative ileus, has potential cardiac issues, and requires REMS.[@b14-jpr-8-289] Naloxegol, on the other hand, has no apparent cardiac issues and avoided scheduled status, which will make prescribing easier. Though naloxegol will be more expensive to purchase than traditional laxative therapies, it remains unclear whether more effective prevention of OIBD and OIC can decrease the overall cost burden associated with this opioid side effect.

Many of naloxegol's potential side effects (eg, diarrhea, abdominal cramping) are likely related to the drug doing its intended job. It remains to be seen whether the increased *C*~max~ and AUC when taken with high-fat meals will have any significant clinical or adverse effects. Even though it is metabolized by the liver and excreted in the feces, dose changes are not recommended for mild-to-moderate hepatic impairment. For renal impairment, dose adjustment is recommended. This mirrors recommendations for most opioids making it more convenient for the prescriber. For example, when a provider considers dose adjustment of morphine (or rotation to another opioid) due to renal impairment, it will be logical to consider dose adjustment of naloxegol at the same time.

Given the known studies to date, it appears naloxegol has been proven to be very helpful for noncancer patients with constipation who have failed traditional laxatives. Additionally, it would be expected that morbidity associated with OIC decreases and QoL improves. However, it remains unclear if naloxegol is superior to traditional laxative regimens as first line therapy for OIC. Head-to-head trials of naloxegol vs traditional laxative regimens are needed to provide clarification on whether it should be considered first line therapy for OIC. The vonRoenn et al study attempted to evaluate naloxegol for OIC in cancer patients, but ended early due to low recruitment.[@b23-jpr-8-289] Although naloxegol has not been extensively studied in cancer patients, it is likely but unproven that similar benefits would be observed for OIC in those patients. Hopefully, future studies will explore the potential role of this new agent in patients with cancer.
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Details of relevant naloxegol studies

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author/year                            Phase   N and population studied in                                                                                                                                                                                                                                                                                   Study design and dosing                                                                                                                                                              Toxicities                                                                                                                                     Efficacy measures and outcomes
  -------------------------------------- ------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Bui et al (2014)[@b20-jpr-8-289]       I       N=28 with renal impairment and eight with normal renal function                                                                                                                                                                                                                                               Dual center, open-label, non-randomized parallel-group study.\                                                                                                                       No related serious AE were reported                                                                                                            AUC were 1.7× greater in moderate and 2.2× greater in severe compared to normal.\
                                                                                                                                                                                                                                                                                                                                                               Renal function defined by MDRD equation for eGFR: normal \>80 mL/min/1.73 m^2^, moderate renal impairment 30--59 mL/min/1.73 m^2^, severe renal impairment \<30 mL/min/1.73 m^2^.\                                                                                                                                                  *C*~max~ was 1.8× greater in severe compared to normal.\
                                                                                                                                                                                                                                                                                                                                                               Naloxegol 25 mg PO ×1 for all participants. Patients with ESRD two doses: 2 hours before dialysis and 2 hours after dialysis, 7-day washout period.                                                                                                                                                                                 No good correlation between renal clearance and total clearance as renal minor route of elimination.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   1.2% removed during IHD

  Bui et al (2014)[@b19-jpr-8-289]       I       N=8 normal hepatic function and eight with mild hepatic impairment                                                                                                                                                                                                                                            Single-dose, non-randomized, open-label, parallel-group conducted at a single center. Hepatic function defined by Child-Pugh class: class A considered mild and class B moderate.\   No related serious AE were reported                                                                                                            AUC in mild hepatic 82.9% and 82.3% in moderate hepatic impairment
                                                                                                                                                                                                                                                                                                                                                               Naloxegol 25 mg PO ×1 for all participants.                                                                                                                                                                                                                                                                                         

  Webster et al (2013)[@b17-jpr-8-289]   II      N=207; ≥18 yo, receiving 30--1,000 mg of oral morphine equivalent per day for nonmalignant or cancer-related pain on stable regimen with documented OIC; exclusions: renal, hepatic or cardiovascular disease, prognosis \<6 mos, Hx of GI bleeding, or GI disorder making bowel movements hard to quantify   Multicenter, randomized, DB, placebo-controlled, dose-escalation; 5 mg, 25 mg, 50 mg orally in sequential cohorts with placebo-control.                                              Abdominal pain, diarrhea and nausea with increased frequency and severity in 50 mg group; no evidence of opioid withdrawal or worsening pain   Primary endpoint: change in spontaneous BMs/week over baseline at the end of week 1 statistically significantly improved compared to placebo at 25 mg and 50 mg doses; secondary endpoints: change over baseline across weeks 2, 3, and 4; change over baseline at the end of week 4; time after first dose of naloxegol to first laxation; improvement over baseline compared to placebo maintained in 25 mg and 50 mg cohort over 4 weeks

  Chey et al (2014)[@b2-jpr-8-289]       III     KODIAC-04: N=652; KODIAC-05: N=700; outpatients 18--84 yo on stable dose of 30--1,000 mg of oral morphine equivalents for \>4 weeks with good pain control and no cancer diagnosis, GI obstruction or increased risk for bowel perforation who had confirmed, active OIC                                      Multicenter, randomized, DB, parallel-group, placebo-controlled; received naloxegol 12.5 mg or 25 mg or placebo for 12 weeks.                                                        More common in 25 mg group; diarrhea, abdominal pain, nausea, vomiting; no evidence of opioid withdrawal or worsening pain                     Primary endpoint: 12-week response rate (≥3 spontaneous BMs/week and inc of ≥1 spontaneous BMs over baseline for ≥9/12 weeks and ≥3/4 of the final weeks); higher response for 25 mg group over placebo for both trials and for 12.5 mg group over placebo in KODIAC-04 trial

  Webster et al (2014)[@b21-jpr-8-289]   III     KODIAC-08: N=804; outpatients 18--84 yo on stable dose of 30--1,000 mg of oral morphine equivalents for \>4 weeks with good pain control and no cancer diagnosis, GI obstruction or increased risk for bowel perforation who had confirmed, active OIC; some were rolled over from prior KODIAC studies       Multicenter, open-label, randomized, parallel-group; received naloxegol 25 mg or placebo.                                                                                            Abdominal pain, diarrhea, nausea, headache, and flatulence; no evidence of opioid withdrawal or worsening pain                                 Eleven patients stopped due to diarrhea and nine due to abdominal pain; no incidences of bowel perforation or cardiovascular events considered drug-related; no evidence of opioid withdrawal or worsening pain; minimal use of bisacodyl rescue doses in treatment group
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** AE, adverse event; AUC, area under the plasma concentration curve; BMs, bowel movements; *C*~max~, maximum plasma concentration; DB, double blind; eGFR, estimate glomerular filtration rate; ESRD, end-stage renal disease; GI, gastrointestinal; IHD, intermittent hemodialysis; MDRD, modification of diet in renal disease; OIC, opioid-induced constipation; PO, by mouth; yo, years old; Hx, history; inc, including; mos, months.
